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RESEARCH MEMORANDUM 
WIND-J.l'(JNNEL INVESTIGATION OF HORIZONTAL TAILS. 
IV - UNSWEPr PLAN FORM OF ASPECT RATIO 
2 AND A TWO-DIMENSIONAL MODEL 
By Jules B. Dods, Jr. 
SUMMARY 
The results of a wind-tunnel investigation of the low-speed 
aerodynamic characteristics of a horizontal-tail model of aspect 
ratio 2 having an "unswept" plan form, and of a two-dimensional 
model are presented. These data supplement previously reported 
results of tests on unswept and swept-back models of aspect ratios 
3, 4.5, and 6. 
The two-dimensional model, which has the same airfoil section 
as all the models tested in this series (NACA 64AOIO), provides 
data which can be used as the basis for computing the three-
dimensional lift and hinge-moment parameters by the lifting-surface-
theory procedure. 
Test results are presented for the models with and without 
standard roughness applied to their leading edges, with sealed and 
unsealed radius-nose 6elevators, and for a Reynolds number ranging from 3.0 to 7.5 X 10. The tests included measurements of the 
model lift and pitching moment, elevator hinge moment, and pressure 
difference across the elevator nose seal. 
The major effect of standard leading-edge roughness was to 
increase (positively) the rate of change of hinge-moment coefficient 
with -angle of attack of the model of aspect ratio 2. Removal of the 
elevator nose seal reduced the lift effectiveness of the elevator 
for the two-dimensional model. No significant scale effects were 
encountered for either model through the Reynolds number range 
investigated. 
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INTRODUCTION 
. A systematic investigation of the control~urface characteris-
tics, particularly the hinge-moment parameters, of horizontal-tail 
surfaces has been undertaken by the NACA to provide experimental 
results for a comparison with those parameters computed by lifting-
surface-theory procedures. 
Experimental results obtained from wind-tunnel tests of 
unswept and 350 swept-back plan-form models of aspect ratios 3, 4.5, 
and 6 are presented in references 1, 2, and 3. The present report 
extends the experimental qata to include an aspect ratio of 2 and, 
in addition, presents section data which are necessary for the 
lifting-surface-theory computations. A comparison of the experimen-
tal and theoretical results for the unswept and the swept-back plan 
forms of aspect ratios 3 and 4.5 has been presented in reference 4. 
COEFFICIENTS AND STIfi30LS 
The coefficients and symbo~s used throughout the report are 
defined as follows: 
Coefficients 
elevator hinge-moment coefficient (H/qSece) (See 
appendix. ) 
che section hinge-moment coeffici~nt [h/q(ce ')2] 
CL lift coefficient (L/qS) 
c1 section lift coefficient (l/qc) 
Cm pitching-moment coefficient (M/qSc) 
cm section pitching-moment coefficient (m/q~) 
6.p/q pressure coefficient across elevator nose seal (pressure 
below seal minus pressure above seal divided by the 
free-stream dynamic pressure) 
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Symbols 
A aspect ratio (2b2 /S) 
b span of the model, feet 
c chord of the model, feet 
c mean aerodynamic chord 
Ce root-mean-square elevator chord aft of the hinge line 
measured parallel to the plane of symmetry) feet 
Ce
l chord of the elevator aft of the hinge line measured 
perpendicular to the hinge line, feet 
H hinge moment, foot-pounds 
h section hinge moment, foot-pounds 
L lift, pounds 
2 section lift, pounds 
M pitching moment about a lateral axis through the 0 .25 ~ 
point, foot-pounds 
MA first moment of the elevator area aft of the hinge line 
q 
R 
S 
v 
about the hinge line, feet cubed 
free-stream dynamic pressure ( ~pV2), pounds per square 
foot 
Reynolds number (pV'c/~) 
area of model, square feet 
area of the elevator aft of the hinge line, square feet 
velocity of air, feet per second 
3 
• 
J 
. . 
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a. corrected angle of attack, degrees 
corrected section angle of attack, degrees 
elevator deflection (positive when trailing edge of elevator 
is down) measured in a plane normal to the hinge line, degrees 
absolute viscosity, slugs per foot-second 
p density of air, slugs per cubic foot 
Parameters 
or - - - elevator-effectiveness parameter 
(~Che ) 
Cha. = ~ 0e=O (dc
h ) cha. = ~ (measured through 
o do.o 0e=O 
0.=0 or a.o=O) 
Choe ~~:to 
CL (fL) 
a. 
°e=O 
choe GC
he ) (measured through °e=O) 
°e a. =0 0 
cI = (dC I) (measured through 0.=0 0.0 do.o oe=O 
cl o - (~CI) (measured through 0e=O) 
e · oOe a. -0 0-
'o' 
~ 
or a.o=O) 
________________________J 
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MODELS 
The urtswept horizontal tail model tested in this investigation 
had an aspect ratio of 2 and a taper ratio (ratio of tip chord to 
root chord) of 0.5. The 0.7G-chord line (elevator hinge line) was 
perpendicular to the simulated plane of symmetry, resulting in a 
16.70 angle of sweepback of the 0.25-chord line, as shown in figure 1. 
The two-dimensional model had a chord of 3.5 feet, and spanned 
the 7-foot dimension of the 7- by lo-foot wind-tunnel test section. 
Both models were equipped with a sealed radius-nose 0.3G-chord 
elevator. The airfoil section which was parallel to the air stream 
was the same as for the models of references 1, 2, and 3. The 
slight discrepancies between the model coordinates and the true 
NACA 64AOIO coordinates (table I) are not considered important. 
The gaps between the elevators and the shrouds and the gaps 
between the elevator noses and the balance plates (seal gap) are 
shown in figure 1. The elevator nose gaps were sealed over the 
complete span of both models. In addition, the elevator of the 
two-dimensional model was sealed at either end and the elevator of 
the model of aspect ratio 2 was sealed at the inboard end and at the 
outboard hinge bracket (82-percent span). The inboard hinge bracket 
of the model of aspect ratio 2 and the two hinge brackets of the 
two-dimensional model were located outside of the air stream. Pressure 
orifices were located in the balance chambers enclosed by the shrouds 
both above and below the nose seal at several spanwise stations. 
The orifices at 91-percent span of the model of aspect ratio 2 were 
outboard of the hinge bracket. 
The tip shape of the model of aspect ratio 2 was formed by 
rotating the tip airfoil section parallel to the undisturbed air 
stream about a line inboard of the tip, a distance equal to the 
maximum tip ordinate. 
Photographs showing the models mounted in the wind tunnel are 
presented in figures 2 and 3. 
TESTS 
The tests were conducted in the Ames 7- by 10-foot wind tunnels. 
The model of aspect ratio 2 was mounted on a turntable flush with the 
floor (fig.2), and was tested with a dynamic pressure of 28 pounds 
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per square foot, corresponding to a Reynolds number of 3.0 X 10 6 • A 
limited amount of data was also obtained at Reynolds numbers of 5.0 
and 7.5 X 106 • The two-dimensional model (fig. 3) was tested at 
dynamic pressures of 22.5, 40, 57, and 75.5 pounds per square foot 1 , 
resulting in Reynolds numbers of 3.0, 4.0, 4.8, and 5.5 X 106 • All 
tests were conducted with the models in the smooth condition with 
the elevator sealed unless otherwise specified. For those tests 
with leading-edge roughness, standard roughness was applied as defined 
in reference 5. 
Model lift and pitching moment were measured by means of the 
wind-tunnel balance system. Elevator hinge moments were measured by 
means of reSistance-type torsional strain gages. Pressures above and 
below the elevator nose seal in the balance chamber were measured 
by the use of a manometer connected to the orifices in the elevator 
balance chamber. 
CORRECTIONS 
All coefficients and the angle of attack have been corrected for 
the effects of the tunnel walls by the methods of references 6 and 7. 
The corrections listed below were added to the data: 
Aspect ratio 2 model 
= 0.174 CLu(' ) 5e=0 
~m = 0.00499 CLu 
.6.Che = 0.00678 CLu 
CL = 0·993 CLu 
where 
Two--dimens ional model 
, 
= 0.234 clu 
.6.Cm = 0·9907 Cmu + 0.00656 c1u 
.6.che = 0.00846 c1u 
C1 = 0.965 c1u 
jet-boundary correction to angle of attack 
streamline-curvature correction to angle of attack 
l The values of the dynamic pressure of 40, 57, and 75.5 pounds per 
square foot are the test dynamic pressures corresponding to a 
Reynolds number of 3.0 x 10 6 for the models of references 1, 2, and 
3. 
J 
.. 
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correction to pitching-moment coefficient 
correction to hinge-moment coefficient 
uncorrected lift coefficient 
uncorrected section pitching-moment coefficient 
RESULTS AND DISCUSSION 
The results of tests of the model of aspect ratio 2 are presented 
in figures 4 to 9 and those for the two-dimensional model are presente.d 
in figures 10 to 18. 
The variations of lift, h1nge-moment, and pitching-moment coeffi-
cients with angle of attack are given in figure 4 for the model of 
aspect ratio 2 and in figur~ 10 for the two-dimensional model at a 
Reynolds number of 3.0 x 10. Hinge-moment coefficients are also 
shown as a function of the elevator angle for various angles of attack 
in figures 5 and 11. Additional data obtained for the two-dimensional 
model at Reynolds numbers of 4.0, 4.8, and 5.5 x 10e are presented 
in figures 12, 13, and 14. The variation of the pressure coeffi-
cient across the elevator nose seal with angle of attack is presented 
in figures 6 and 15. The effects of variations of the Reynolds 
number, standard leading-edge roughness, and removal of the elevator 
nose seal on the lift and hinge-moment coefficients are shown in 
figures 7 to 9 for the model of aspect ratio 2 and in figures 16 to 
18 for the two-dimensional model. 
Effectiveness and Hinge-Moment Parameters 
The lift-effectiveness and the hinge-moment parameters are 
listed in table 112. As shown in the table, Cha for the model of 
aspect ratio 2 was -0.0002, and the section chao was -o.0057J the 
value of Cha
e 
(-0.0072 ) for the model of aspect ratio 2 was like-
wise lower than the corresponding section chO
e 
(-0.0114). The 
elevator-effectiveness parameter aa
e 
was higher for the model of 
2Tbe parameters for the t wo-dimensional model are presented for R, 
4.0 x 106 i n table II. These values are essentially the same as 
6 those obtained at R, 3 .0 x 10 for the model in the smooth condition 
with the elevator sealed. 
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aspect rati.o 2 (-<:l.73) than for the two-dimensional model (-<:l.60) 
primarily because of the low lift-curve slope (Cta = 0.040) asso-
ciated with the low-aspec~ratio plan form. 
Static Longitudinal Stability 
The variation of pitching-moment ooefficient with angle of 
attack (fig. 4(c)) indi.cates that the model of aspect ratio 2 
was statically unstable [(dcmld~)5e=0 = 0.0023], me~sured through 
zero angle of attack, but that the static longitudinal stability 
increased at the stall, as would be predicted from the results of 
reference 8. The two-dimens ional model was marginally unstable 
(dcmld~0)5e=O = 0.0004] as shown in figure 10(c). No data were 
obtained for the two-dimensional model beyond the stall because 
the model was not designed to withstand the severe buffeting which 
occurred at the stall. 
Scale Effect 
The effects of variations of the Reynolds number are shown in 
figure 7 for the model of aspect rat io 2 and in figure 16 for the 
two-dimensional model. Data for be model of aspect ratio 2 were 
obtained for a Reynolds number range from 3.0 to 7.5 x 10 6, and 
"3 the range for the two-dimensional model was from 3.0 to 5.5 x 10 • 
The maximum lift coefficie~t of the model of aspect ratio 2 
increased slightly with increasing Reynolds number, but there was 
no change in the lift or hing~ment parameters (measured through 
zero angle of attack). 
A small increase in the lift-curve slope (~Cl~o = 0.002) was 
measured for the two-dimensional model at the highest Reynolds 
number. The rate of change of hinge-moment coefficient with angle 
of attack c~o was constant over the Reynold.s number range, but 
there was a small irregular variation in the rate of change of 
hinge-moment coefficient with elevator deflection cboe • 
Effect of Standard Roughness 
The effects of standard leading-edge roughness upon the lift 
and hinge-moment coefficients are shown in figure 8 for the model 
of aspect ratio 2 and in figure 17 for the two-dimensional model. 
.. 
• 
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Normally, the effect of standard roughness is to increase the 
lift coefficient by an increase in the angle of stall. However, the 
angle of stall for the model of aspect ratio 2 was initially so 
large (low-aspect-rAtio effect) that standard roughness was practically 
ineffective in increasing the angle of stall beyond that of the model 
in the smooth condition. For this reason, only nominal increases in 
the maximum lift coefficient were obtained. 
The value of Cba, was changed from -0.0002 to 0.0006 by rough-
ness, and Cboe was changed from -0.0072 to -0.0070. The elevator-
effectiveness parameter aOe was unchanged. 
Standard roughness on the two-dimensional model had no appreciable 
effect on any parameter except cbo' which was changed from -0.0114 
to -0.01083 • The effects on the maiimum lift coefficient were not 
measured. 
Effect of Removing Elevator Nose Seal 
The major effect of removing the elevator nose seal (models in 
smooth condition) was to reduce the lift-effectiveness parameter 
CIs> of the two-dimensional model. As shown in table II, cro Ue e 
was reduced from 0.065 to 0.063 for the two-dimensional model, but 
was unchanged for the model of aspect ratio 2. The lift-curve 
slope was unchanged for the model of aspect ratio 2, but the maximum 
lift coefficient was reduced. (See fig. 9(a).) The lift-curve 
slope of the two-dimensional model was reduced from 0.108 to 0.104. 
H~e-moment parameters (measured through zero angle of attack and 
zero elevator deflection) were relatively unaffected by removal of 
the seal for either model. However, for large elevator deflections 
the hinge moments were somewhat increased, as shown in figures 9(b) 
and 18(b). 
CONCLUSIONS' 
The results of test~ conducted to evaluate the low-speed aero-
dynamic characteristics of an unswept horizontal tail model of aspect 
ratio 2 and a two-dimensional model having the same airfoil section 
indicate that: 
3The values of the lift and hinge-moment parameters presented in 
table II were derived from large-scale plots of the data. 
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1. No significant scale effects were encountered for either 
model for Reynolds numbers from 3.0 to 5.5 X lOa. 
2. The effect of standard leading-edge roughness on the model 
of aspect ratio 2 was to change Cha from -0.0002 to 0.0006. The 
elevator-effectiveness parameter ~5e was unchanged. 
3. Removal of the elevator nose seal reduced the lift-effectiveness 
parameter cI 5 from 0.065 to 0.063 for t he two-dimensional model. e 
Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
APPENDIX 
Conversion Factors for Hing~oment Coefficient s 
Because s~veral methods are in use for t he convers i on of h inge 
moments to nondimensional coefficient form, factors relating the 
vari ous methods are presented. To obtain the hinge-moment coeffi-
cients for one of the listed methods, multiply the value of t he 
h i nge-moment coefficients of this report by t he corresponding factor 
in the following table: 
Aspect ratio 2 model 
Equations for 
hinge-moment _H_ Convers i on 
coefficients qChe fact or 
(ft S ) • 
H • 2. 935 1. 000 Che = 
qSece 
Che H 2. 987 .983 = qb(ce) 2 
Che 
H 2 . 987 .983 = --2qMA 
Note : The f a ctor f or the two-dimensional 
model is unity for all the equations . 
• 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
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TABLE L- COORDINATES FOR THE NACA 64A010 
AIRFOIL AN]) THE MODELS TESTED 
[All Dimensions in Percent of Wing Chord] 
Upper and Lower Surfaces 
Station 
o 
·50 
.75 
1.25 
2.50 
5.00 
7.50 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
70.00 
75.00 
80.00 
85.00 
90.00 
95.00 
100.00 
NACA 64A010 
ordinate 
o 
.804 
.969 
1.225 
1.688 
2·327 
2.805 
3.199 
3.813 
4.272 
4.606 
4.837 
4.968 
4.995 
4.894 
4.684 
4.388 
4.021 
3.597 
3.127 
2.623 
2.103 
1.582 
1.062 
.541 
.021 
Model 
ordinate 
o 
.819 
.987 
1.247 
1.696 
2.333 
2.780 
3·202 
3.816 
4.280 
4.610 
4.842 
4.950 
4.975 
4.889 
4.672 
4.373 
4.011 
3.594 
3.131 
2.637 
2.120 
1.595 
1.071 
.553 
o 
L.E. radius 0.68~ T.E. radius 0.023a 
aSame for both the NACA 64A010 section 
and the models. 
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TABLE 11.- A SUMMARY OF THE LIFT AND RINGE-MOMENT 
PARAMETERS OF THE UNSWEPT MODEL OF ASPECT RATIO 
2 AND THE TWO-DIMENSIONAL MODEL 
Model Condition 
Parameter Model smooth; Model with standard Model smooth; 
elevator roughness; elevator elevator seal 
sealed sealed removed 
Aspect ratio 2; R, 3.0 x 10 6 
Cha, -0.0002 0.0006 -0.0002 
Choe -.0072 -.0070 
-.0074 
CI..a, .040 .040 .040 
CLoe .029 .029 .029 
a.oe -.73 -.73 -·73 
Two-dimensional; R, 4.0 X 10 6 
Chao -0.0057 -0.0057 -0.0057 
Choe -.0114 -.0108 -.0112 
c7, .108 .108 .104 a.o 
C"l oe .065 .065 .063 
<lOe -. 60 -. 60 -. 60 

Taper ratio 
Area 
Elevator area 
c;, 
c 
Aspect ratio 2 Two-dimensional 
0.5 
10.083 ft2 
3.025 ft2 
0.970 fI 
3.293ft 
23.807f12 
7142 ft2 
1.050 fI 
3.500ft 
___ 0.25 chord line 
i.- hinqe line, 0. 70e 
t 
't-
~ 
(a) Aspect ratio 2 . 
I 
I 
11 
I 
I 
I 
I 
-.........,. I 
I 
~ 1°"1 
~*1890 ' l '126~ 
42.00 
(b) Two-dimensional . 
f 
~ 
-.....: 
~ 
Drawing dimensions 
in inches 
~OI04ce' 0043Ce' ·10-o00/9C j ~- - ---ra45ce+---ce~ 
section A-A 
~ 
Fiqure 1.- Plan forms of the unswept horizontal tail model of aspect ratio 2 and the two-dimensional model. 
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~ 
~ 
. 
I ~ 
r-' 
V1 

~ 
A-12449 
(a) Three-quarter front view. (b) Three-quarter rear view. 
Figure 2.- The model of aspect ratio 2 mounted in the 7- by lO-foot wind tunnel. 
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(a) Three-quarter front view. (b) Three-quarter rear view. 
Figure 3.- The two~imen8ional model mounted in the 7- by lO-foot wind tunnel. 
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Figure 4.- Lift, hinge-moment, and pitching- moment coefficients for the model of aspect ratio 2. R, 3.0 x /0. 
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F i gure 17.- Comparison of the section lift and hinge-moment 
coeffi cients of the NACA 64AOI0 airfoil with and without 
leading-edge roughness . R, 4. f>'x 106. 
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Figure 17.- Concluded 
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Figure 18. - Comparison of the section lift and hinge- moment 
coefficients of the NACA 64AO/0 airfoil with and without 
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elevator seal. R, 4.0 x /0 . 
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